A the rabbit's cerebral cortex causes under certain conditions (I) a depression of the spontaneous electrical activity which spreads with low velocity (3-5 mm/min) over the cortex and lasts from I to 3 min. Several repetitions of the stimulus at intervals of 8-10 min may change this spreading cortical depression into a spreading convulsive pattern (2) (3) (4) (5) .
Both the spreading depression and the spreading convulsive pattern are accompanied by a slow potential change of the cortex (I, 5-S). The cortical surface first turns negative with respect to an indifferent electrode; then the polarity is reversed and the cortex becomes positive. The magnitude of the negative phase of the slow potential is often IO mv or more, while the positive phase is usually smaller. In some instances the negative phase is preceded by a small galvanometer deflection indicating cortical positivity. The total duration of this slow potential change may be 3 min or more. It was shown that the slow potential change travels over the cortex at the same velocity as the depression, preceding the latter by 10-40 set (I).
Leao (2) found that Dial and pentobarbital in moderate doses, and light ether narcosis do not abolish the spreading depression. Also moderate doses of pentobarbital (up to 30 mg/kg body weight) do not prevent the convulsive patterns which may replace the depression (9) .
Barbiturates and volatile narcotics are known to act differently on both the electrocorticogram and the polarization state of nervous tissue (see DISCUSSION) .
It seemed therefore of interest to investigate more fully the effects of ether and pentobarbital, as representatives of these groups of narcotics, on the spreading depression and companying slow potential change on the ac-METHODS In rabbits of 2.5 to 3.5 kg body weight, the cortex of I In all experiments the blood pressure was recorded. Since a pressure of more than 6 cm Hg is necessary for an optimal electrocorticogram, such a pressure was maintained if necessary by the intravenous infusion of epinephrine in a concentration of IO-? In the experiments in which the effect of pentobarbital was investigated, this drug was slowly injected through an inlying cannula into the femoral artery.
To supply ether vapor of known concentration in the respiratory air the following apparatus was used ( fig. I ). An air stream was measured and adjusted to 4 l/min with the aid of a flow meter (II). To this air stream ether vapor was added, generated in the Dewar vessel (B) by a heating wire (2.44 ohm). The heat generated in this wire is mainly used for the evaporation of ether since the boiling fluid (35OC) is only slightly above room temperature and is well insulated by the Dewar vessel. The air mixed with ether vapor is now collected in a rubber gas bag (C), which is connected with the respiratory pump. 
RESULTS
Effect of Pentobarbital on the Spreading Depression and the Slow Potential Changes. The effect of pentobarbital on the corticogram has been investigated by several authors (for a summary of the literature see I I). In moderate doses it produces a 5-ro/sec activity of large amplitude. In large doses, as used in the present investigation, pentobarbi tal reduces the amplitude of the corticogram markedly (12, 13) . Figure 2 shows the corticogram before and after the administration of pentobarbital in a dose of 50 mg/kg, and demonstrates the drastic reduction of the cortical potentials. The same figure shows furthermore that the slow potential change which was transcribed on the corticogram was hardly affected by the administration of pentobarbital. Even larger doses of pentobarbital do not abolish the slow potential change. Figure 3 shows a series of records of the slow potential changes under the influence of increasing amounts of pentobarbital. Record A was obtained before administration of the drug, B after injection of 50 mg, C after IOO mg, D after 150 mg and E after injecting a total of 200 mg of pentobarbital/kg body weight. The drop in blood pressure caused by such large doses of pentobarbital was counteracted by the infusion of epinephrine ( IO-~).
The small irregulari ties seen in record A, before the administration of pentobarbital, which represent the electrocorticogram in the slow potential change record, are abolished by the first dose of the drug (record B). The largest dose of pentobarbital (200 "g/kg) causes only a moderate reduction of the slow potential change, showing that the processes underlying this phenomenon are extraordinarily resistive to this drug.
It was found previously (9) and in the present experiments that pentobarbital increases both the threshold for the spreading depression and the period between stimulus and beginning of the slow potential change (figs. 2 and 3). This latter increase might be due to either a decrease in the rate of propagation or to an increase in threshold which will narrow the area of liminal stimulation of an above threshold stimulus. This increases the distance between the point of origin of the depression and the electrode from which it is recorded, thus seemingly decreasing the velocity of propagation. Due to the change in cortical excitability it is not possible to draw conclusions about the effect of pentobarbital on the rate of conduction of the slow potential change in records where the latter was led off from only a single cortical area. In a number of experiments slow potential changes were led off from two cortical regions as far apart as feasible. The interval between the two slow potential changes in such records is a reliable measure for the propagation velocity. Table I gives the results of 4 experiments. The IOO mg/kg injection caused a drop in the rate of conduction. The 50 mg/kg injections caused a small decrease in propagation velocity in only I of 3 experiments. The lengthening of the latent period of the slow potential change after moderate doses of pentobarbital (50 mg/kg) must therefore be ascribed mainly to the effect of the drug on the threshold of excitation. The larger doses may in addition lengthen the latent period by a decrease in the propagation velocity of the slow potential change.
cortex is reached slowly and the phenomena recorded during this period show the progressing effect of the ether action. After supplying the chosen ether concentration for 45-60 min (shorter when the animal's life became endangered) the ether administration was stopped and in the subsequent records the reversal of the ether effect was studied.
The successive changes observed in the rabbit's electrocorticogram when deep ether narcosis is induced are shown in figure 4. Record A is the pattern before ether was supplied in the respiratory air. The first Effect of Ether on the Spreading Depression and on the Slow Potential Change. Several authors have investigated the effect of ether on the electrocorticogram of the cat (for literature see I I). In general it was found that ether increases the dominant frequency of the electrocorticogram (to qo-6o/sec). Derbyshire et al. (12) noted that these fast waves sometimes are superimposed on a I-3/ set activity. Deepening of narcosis resulted in a decline in amplitude of the corticogram.
To examine the effect of ether, a chosen concentration (4.5, 7 or IO%) was administered after recording a number of control spreading depressions and slow potential changes. Equilibrium between the ether concentration in the respiratory air and in the effect of the narcotic is an increase in the dominant frequency of the corticogram (record B). When narcosis becomes deeper the dominant frequency decreases (record C), and finally a regular slow rhythm (about I/set) remains (record D), the amplitude of which decreases with increasing depth of narcosis. Ventilation of the animal with room air restores the prenarcosis pattern (record E).
The lowest concentration of ether used (4.5 %) had no pronounced effect on the electrocorticogram. The medium concentration (7 %) changed the electrocorticogram through the increase of the dominant frequency to the slow waves, sometimes resulting in a marked decrease of the amplitude of the latter, after an administration of 45-60 min.
The highest concentration (IO %) made the electrocorticogram run through these changes more quickly (20-30 min) always resulting in a marked decrease in amplitude of the corticogram. The highest ether concentration always affected the circulatory apparatus, increasingly lowering the blood pressure. In the beginning the blood pressure drop could be counteracted effectively by the infusion of epinephrine, but in the end this failed.
Ether in the lowest concentration used (4.5 %), had no effect on the spreading depression or on the slow potential change. Since ether in medium (7 %) and high (IO ' 35) concentrations markedly increased the threshold for the spreading depression, the stimulus had to be increased considerably in order to elicit the phenomenon. The spreading depression was eventually always abolished with the high (IO %) ether concentration and sometimes with the medium (7 %) concentration, even when stimuli were used so strong, that they could be expected to produce a general convulsion in the nonnarcotized preparation. Such a stimulus in the deeply narcotized rabbit produced only a short afterdischarge.
The effect of ether on the slow potential change is shown in figure 5 . Record A shows a typical slow potential change (produced by a liminal stimulus) recorded from an electrode less than 2 mm from the caudal stimulating electrode and from a 2nd electrode II mm from the 1st one. Ether in a concentration of IO% administered for 5.5 min (record B) decreased the amplitude of the slow potential changes led off at either electrode. The decrease of the latent period of both slow potential changes is due to an increase in the stimulus strength, larger than necessary to overcome the threshold increase caused by the ether. As mentioned above this will increase the area of liminal stimulation and thus decrease the latent period of the slow potential changes. After ether had been administered for 22 min and after further increase of the stimulus strength, record C The cortex is stimulated at about 8-min intervals. The 1st and 2nd stimulations are given before, the 3rd, 4th and 5th after the administration of pentobarbital in the dose indicated was obtained. The slow potential change led off from the electrode close to the stimulating electrodes is still smaller and its latent period still shorter. Now no slow potential change can be led off from the electrode farther away from the stimulating electrodes. This may mean that the stimulus is so strong that the cortex under the nearest leading off electrode is stimulated directly, producing a small slow potential change which is not propagated. Even with the longest administration of ether in the high (IO%) concentration, compatible with life, it has been possible to lead off, with strong stimuli, a small potential change from an electrode close to the stimulating electrodes. Such deep etherization is reversible as is shown in record D ( fig. 5 ) taken 14.5 min after the end of etherization.
The propagated slow potential wave is abolished by ether usually at a time when there is still present in the cortex a very considerable activity of low frequency. Figure  6 shows the electrocorticogram and transposed slow potential changes of a preparation before ether administration and after IO% ether has been supplied in the respiratory air until the propagated slow potential change was abolished. At that time a sizeable cortical activity of a frequency of r/set is still recorded, but neither the spreading depression nor the slow potential change is present. cession did not abolish this phenomenon. The slow potential change was found to be a constant concomitant of the spreading depression (I). It therefore can be concluded that the processes underlying the spreading depression are not markedly affected by pentobarbital in large doses, even though the depression itself cannot be observed because of the marked reduction of the electrocorticogram.
Ether in a concentration of 6.54% produces respiratory arrest (14) . The reduction of central nervous activity by these ether concentrations can be roughly compared with the reduction caused by pentobarbital in a dose of 50 "g/kg body weight. Ether in a concentration of 7 % decreased and sometimes abolished the propagated slow potential change, whereas pentobarbital in a dose of 50 mg/kg had no effect on this phenomenon. Furthermore it was found that in general there was still considerable spontaneous cortical activity present when the slow potential change was abolished by ether.
The authors who compared the effects of ether and the barbiturates on the electrocorticogram described in general important differences between the two types of narcotics. Bremer (16) postulated that, whereas ether would have a general depressant action on the cortex, the barbiturates would cause a 'deafferentiation' by an infracortical synaptic block.
The central activity most resistive to pentobarbital is perhaps the monosynaptic reflex. Often as much as 80 mg/kg body weight is needed to abolish the knee jerk completely (IS>. Since considerably larger doses of pentobarbital did not abolish the propagation of the slow potential change, it seems unlikely that synaptic transmission is involved in this process. One could speculate that the slow potential change itself is the agent responsible for the propagation of the spreading depression in a similar way as the nerve action potential is believed to cause the propagation of the nerve impulse. The marked reduction of the slow potential change by ether might decrease the latter to such an extent that it becomes subliminal for the stimulation of adjacent areas of the cortex, and thus stop the propagation of the potential. Strong faradic stimula-tion may then still produce slow potential changes of small amplitude in the immediate vicinity of the stimulating electrodes by direct stimulation.
During asphyxiation of the spinal cord a potential difference develops between gray matter and surface (IO). From the course of this 'depolarization potential' it was concluded that it is caused by an unequal depolarization of the spinal neuron, the parts most sensitive to oxygen lack depolarizing first, followed are readily reduced by ether, but only moderately affected by pentobarbital even in very large doses. One could draw the conclusion from this that the slow potential change also is caused by the partial depolarization of polarized structures in the cortex. As such the cortical neuron deserves first consideration. by the depolarization of the more resistant portions of the neuron. The depolarization potential is markedly depressed by deep ether narcosis, whereas even very large doses of pentobarbital reduce the depolarization potential only moderately (17) . This was taken to indicate that ether causes a marked depolarization of the central neuron.
It is of interest that the effects of ether and pentobarbital on the slow potential change parallel strikingly those on the asphyxial depolarization potential. Both phenomena stimulations of the cerebral cortex. The depression is accompanied by a slow potential change, during which the cortex first turns negative, then positive with respect to an indifferent electrode. This slow potential change is not abolished by pentobarbital even in very large doses (200 mg/kg body weight distributed over 4 injections). The spontaneous electrocorticogram was abolished by smaller doses of pentobarbital (about 50 mg/kg body weight). Ether in a concentration of 7 % administered in the respiratory air decreased and sometimes abolished the spreading slow potential change. This is approximately the ether concentration producing respiratory arrest. In a concentration of IO% ether always abolished the spreading slow potential change. It was then always possible, however, to lead off a small potential change in the immediate vicinity of the stimulating electrodes. Under these conditions considerable spontaneous activity could often still be recorded but no spreading depression could be elicited.
The effects of ether and of pentobarbital on the slow potential change accompanying the spreading depression, are strikingly parallel to the effects of these narcotics on depolarization potentials which can be led off from the spinal cord during asphyxiation.
